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Abstract - Improvement of DC-DC converter side in SMPS
system is discussed in this paper. A novel forward type soft
switching DC-DC converter topology with nentral point inductor
connected Auxiliary resonant snubber (NPC-ARS) eircuit is
presented in this paper for the switching mode power supply
applications. Its circuit operation and its performance
characieristics of the ferward type soft switching DC-DC
converter is described and discussed on the bases of experimental
results.

Keywords ; Forward type DC-DC converter, Zero voltage soft
switching, Zero current soft switching, neutrai peint inductor
connected Auxiliary resonant snubber (NPC-ARS) circuit

L INTRODUCTION
In recent years, the switching mode power supply (SMPS)

system have been achieved the high power density and high
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nerformances by developed power semiconductor devices such
as; IGBT, MOS-FET and $iC. However, using the switching
power senticonductor in the SMPS system, the problem of
the switching loss and EMI/RFI noises have been closed up.
This course produced the EMC limitation like the International
Special Commitiee on Radio Interference (CISPR) and the
harmonics limitation like the Inlernational Electrotechnical
Commission (IEC). For keeping up with the limitation, the
SMPS system must add its system to the noise filter and the
metal and magnetic component shield for the EMI/RFI noises
and to the PFC converler circuit and the large input filter for
the input harmonic current. On the other hand, the power
semiconductor device technology development can achieve
the high frequency switching operation in the SMPS system.
The increase of the switching losses have been occurred by
this high frequency switching operation. Cf course, the
inductor and transformer size have been reduced by the high
{requency switching, while the size of cooling fan could be
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Fig.1. SMPS system configuration of rescarch target.



huge because of the increase of the switching losses.

Our research larget is to reduce the EMI/RFI noises and
the switching losses in the SMPS system by only one method.
The solution method is the soft switching technique. Using
LC resonant phenomenon, this technique can minimize the
switching power losses of the power semiconductor devices,
and reduce their electrical dynamic and peak stresses, voltage
and current surge-related EMI/RFI noeises under high
frequency switching strategy.

Thus, a new conceptual circuit configuration of the advanced
forward type soft switching DC-DC converter which has the
neutral point inductor connected auxiliary resonant snubber
{(NPC-ARS) circuit is presented in this paper with its operating
principie in steady state. In addition, its {undamental operation
and its performance characteristics of the proposed forward
type soft switching DC-DC converter treated here are
evaluated on the basis of experimental results.

[1. NOVEL FORWARD TYPg SOFT SWiTCHING DC-DC
CONVERTER

The typical switching mode power supply circuit
configuration of our rescarch target is shown in Fig.1. We
have modified the part of DC-DC converter to achieve the
complete soft swilching operation in aclive power
semiconductor devices of the forward converter. Fig.2 shows
the schematic configuration of the modified forward type
soft switching DC-DC converter with a neutral point inductor
connected auxiliary resonant snubber (NPC-ARS) circuit.
The proposed NPC-ARS circuil consist of an aclive power
semiconductor devices; Sa, a resonant capacitor Crl, two
power diode Dal and Da2. Using this NPC-ARS circuil, the
zero voltage soft switching (ZVS8) tum off or the zero current
soft switching (ZCS) turn on can be achieved in main
switching device S1, and ZCS turn on and turn off be in
auxiliary switch Sa. So that, the switching losses in each
active power semiconductor device will be zero completely.

{I1. OPERATION PRINCIPLE OF NPC-ARS CIRCUIT

The operation principle of the proposed forward type soft
switching DC-DC converter with the NPC-ARS circuit is
illustrated in Fig.3. The conventional forward type DC-DC
converler operates only two circuit condition mode which is
described in Fig.3 as the steady state mode on and off. On
the other hand, there is 4 mode in case of the proposed one
as depicled in Fig.3. The illustration waveforms on cach 4
mode in case of the proposed one is described in Fig.4. The
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Fig.2. Forward type soft switching DC-DC coaverter wills a neutral
point inductor connceted auxiiary resonant snubber (NPC-ARS) circuit,

operating principle of the proposed forward type sofl switching
DC-DC converter is described as follows;

{Steady State Mode ON); In this state, the transformer
curreat flows through the main active power semiconductor
device S1 and the primary energy conducts Lo secondary side
of transformer. [f' the main active power semiconductor device
$1 is wrned ofT, the operation mode changes 1o the nexl circuit
condition mode, Commutation Mode 1.

[Commutation Mode 1]; The energy in the leakage
inductance of transformer T is flowing through the resonant
capacitor Crl by turned main active power semiconductor
device S1 off. When the leakage inductance current reach
zero, the operation mode changes (o (he nex! steady state
mode, Steady State Mode OFF.

[Steady State Mode OFF]; The energy in the primary side
of transformer is broken off the secondary side in this circuit
condition mode. 1f the main active power semiconductor
device S and auxiliary active power semiconductor device
Sa are (urned on, the operation mode changes to the next
circuit condition mode, Connmutation Mode 2.
[Commutation Mode 2]; In this mode, the active power
semiconductor devices S1 and Sa can be achieved the
complete ZCS transition by the leakage induclance and
auxiliary resonant inductor Lr. The energy in the prinwary
side of transformer T1! is conducted to the secondary side,
Furthermore, the encrgy in the resonant capacitor Crl flow
to the secondary side of the transformer through the
transformer T1. When the voltage of the resonant capacitor
Crl reaches zero, the operation mode is changed to the first
circuit condition mode, Steady State Mode ON.
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Fig.3. Eqivalent circuil for cach operation stage of the proposed forward type soft switching PDC-DC converter with the NPC-ARS civeuit.
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Fig.4. IHlustration waveforms on Each mode in case of the proposcd

forward type soft switching DC-DC converter with the NPC-ARS circuit.

IV. EXPERIMENTAL SETUP

The equivalent circuit of conventional forward type DC-
DC converter is illustrated in Fig.5 for the feasible evalua-
tion of the comparative data between the conventional one
and the proposed one. [n the conventional type, the main
power transformer T1 is composed of the ferrite core
(PC40EER40, TDK) and 3 windings L1’, L1 and L2. Its
windings ratio is follows as; L1":Li7:L2=1:1:2. On the other
hand, the main power transformer consists of the ferrite core
{(PC40EER40;TDK) and 3 windings L1°, L1" and 1.2, to0.
However, its windings ratio, which is different from the con-
ventional one, is follows as; L17:L17":1.2=1:5:6. Furthemmore,
the auxiliary resonant inductor Lr is composed of the {errite
core (PC40EER28;TDK)} and 10 windings. The other im-
portant circuit parameters are indicated in TABLE 1 in the
conventional type. The circuit parameters in the proposed
one are in TABLE I1. This experimental setup substitution
the input DC voltage lor the regulated DC power supply,
and the output load for the constant resistance.
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Fig.5. Equivalent circuit of conventional forward type DC-DC converler.

TABLE |

CIRCUIT PARAMETERS OF CONVENTIONAL CIRCUIT

_ I’mmeler ~Unit | Vaiue and [tems
.Enpul Voltage; ¥, [VJ “ 100 ”
Outpul Voltage; ¥y fv] 42
Output Power: P w0
.é\v‘ilc.hi.l.lg f.?l;cqucncy;fs [1;117;} V 100 -
éi‘]’;(‘);l‘}‘]‘iilé é‘a.paci;or, (o3 I o] [,_1]:]7 4'/‘0” o

“ O.ulp.ul“Sm.ot.).thi.z.];I.z.uil.z.ct“ol;;,.L ) 51”0 :

mCapacntancc of Snubber Circuit; Cs [pp] 100 |

“ .Rcslslance of Snubber Circuit; Rs .[Q] 47
.Powcr MOS-FET (Sl, d) [VRVFBCA{)
Power Diode (D], 7, Dy) Vi~17[-‘A7078T7860

TABLE I

CIRCUIT PARAMETERS OF PROPOWED CIRCUIT

P'n*amclcr
Inpul Vohage, “
“ Oatput Vo]tagc; 1’0
”Ouipul Power; Py
. S\wlchmg Frequenc.y.,. j’b |
. Smoolhmg Capac;lor C Il ;2
Output Smoothmg, [nduclor L

inductance of NPC-ARS circuit; Lr

Unit

(V1

W)

[kl:iz]r '

[1F} 1

[1H]
(M”]

Capacnancc ofNPC ARS circuit; Crt {nF)

Power MOS-FET (Si Sa)

Power Diode (I}al, Da2, D2 D3}

(V]

100
o
V 100
a0
57107
10
I{l{l
iRFBC40

HFAQ8TB60

alue and Ilems

V. EXPERIMENTAL RESULTS

The experimental tests have been carried out on two sys-
tems which circuit parameters are reported in Table I and
Table 11. In this section, waveforms oblained from the for-
ward type soft swilching DC-DC converter with NPC-ARS
circuit will be compared (o the one {rom the convenlional
forward type DC-DC converter.

Fig.6 shows comparative voltage and current operating
waveforms of the power MOS-FET S1 in case of the con-
ventional forward type DC-DC converter and the proposed
forward type soft switching DC-DC converter. In spite of
additional the NPC-ARS circuit, it is understood that the pro-
posed type can achieve the standard operation of the for-
ward converter. The comparative voltage and current wave-
forms at turn off operation across the power MOS-FET S1
are indicated in Fig.7. In case of the conventional type, the
voltage and current waveforms respectively cross over. On
the other hand, in case of the proposed type, the voltage and
current waveforms can not cross over at all. This means that
a perfect soft swilching commutation has been achieved, and
the swilching losses are effectively reduced. And from this
figure, the voltage waveform of the power MOS-FET S1 in
sofl switching have a slow sloop, so it is expeclable that EMI
noises could be reduced.

The obtained voitage and current waveforms from the
power MOS-FET Sa which is the part of NPC-ARS circuit
is shown in Fig.8. 1t is confirmed that the zero current soft
switching commutation have been achieved in the power
MOS-FET Sa, too.

The comparative power efficiency belween the conven-
tional type and the proposed type are shown in Fig.9. In lower
output power condition, the efficiency in the proposed type
is less than the conventional (ype, because the current through
the NPC-ARS circuit is larger than the current through main
forward converter circuit. However, the efficiency in the pro-
posed type have been taken over in the higher output power
condition. This means that the switching losses are remark-
able in the higher cutput power condition, because the cur-
rent through the main forward converter circuit increase as
compared with the current through the NPC-ARS circuit.

V1. CONCLUSIONS
A new conceptual circuit configuration of the forward type

soft switching DC-DC converter which has a neutral point
inductor connected auxiliary resonant snubber (NPC-ARS) cir-
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Fig.6. Comparative voltage and current waveforms across power MOS-FET S1: (a) Conventional type and (b) Proposed type.
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Fig.7. Comparative turn off voltage and current waveforms across power MOS-FET S1: (a) Conventional type and (b) Proposed type.
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Fig.8. Voltage and current waveforms across power MOS-FET Sa: (a) Overview and (b) Details.
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Fig.%. Comparative power efficicncy between the conventional type
and proposed type.

cuit is presented with iis operating principle in steady stale in
this paper. Tn addition, its operating performances of the pro-
posed forward type soft switching DC-DC converter devel-
oped by the authors are evaluated and discussed on the basis
of experimental results. From these results, it is confirmed
that the soft switching commutation have been achieved in
case of both the MOS-FET 81 and $Sa. Furthermore, the effi-
ciency is improved in higher output power condition. So the
proposed forward type soft switching DC-DC converter is
suitable for high power applications.

Of couse, there are some problem (o adding the NPC-ARS
circuit. First, the proposed forward type converter need an-
other isolated power supply for the additional MOS-FET Sa.
Second, because of the addition of NPC-ARS circuil for com-
plete soft switching commutation, the scale of the proposed
type converter will be larger than the conventional type one
However, considering the each circuit parameler such as Lr
and Crl, the losses of NPC-ARS circuit will be decreased.
Furthermore, the scale of cooling system will be reduced by
the optimum design, 100, because the losses in each MOS-
FET 15 reduced remarkably.

In the future, the total performance of the SMPS system
which include the single phase PEC rectifier side must be
evaluated and discussed {from a practical point of view.
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